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(54) Actuator device and ink jet recording apparatus 



(57) A drive signal for driving an ink jet recording 
head (8) as an actuator device (40) includes an expan- 
sion potential (16) for deforming the piezoelectric actu- 
ator (40) so as to expand the pressure generating cham- 
ber (51), a contraction potential (17) for deforming the 
piezoelectric actuator so as to contract the pressure 
generating chamber, an ejection element (18) for vary- 
ing a potential of the drive signal from the expansion 
potential to the contraction potential to eject the ink drop 



from the nozzle, and a contraction holding element (19) 
for holding the second potential to keep the contracted 
state of the pressure generating chamber. A duration of 
the ejection element is determined so as to match with 
a natural period of the piezoelectric actuator. A duration 
of the contraction holding element (19) is determined 
such that a resulting value by adding the duration of the 
ejection element (18) and the duration of the contraction 
holding element (1 9) is matched with a natural period of 
the pressure generating chamber (51). 
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Description 

[0001] This invention relates to an actuator device op- 
erated by a drive signal, an ink jet recording apparatus 
typified by an ink jet printer and a recording medium in 
which a program for driving the same is stored. 
[0002] An actuator unit operated by a drive signal is 
utilized in various purposes. For example : as an ink jet 
recording head, which is one embodiment of such an 
actuator, used with an ink jet recording apparatus such 
as an ink jet printer, for example, an ink jet recording 
head is known wherein a piezoelectric actuator is de- 
formed, thereby expanding or contracting a cavity (pres- 
sure generating chamber) for jetting an ink drop through 
an nozzle orifice. 

[0003] A recording head of this kind has an extremely 
high resolution, for example, 720 dpi or 1440 dpi and 
thus requires very high work accuracy in jxm units. 
[0004] Variations in jetting characteristics of ink drops 
for each recording head occur because of a shift from 
the reference length of the free end portion of a piezo- 
electric actuator caused by an attachment error, work 
accuracy of the piezoelectric actuator and cavity, and 
the like. Then, an optimum drive voltage is set for each 
recording head for correcting variations for making uni- 
form jetting characteristics of ink drops, whereby the re- 
cording head quality is stabilized and the yield of the 
recording heads is improved. 

[0005] There is disclosed a drive signal generating 
device for driving an ink jet recording head as one em- 
bodiment of the actuator in Japanese Patent No. 
2940542. In the device, a drive signal a waveform of 
which is varied in accordance with ambient temperature 
is programmably generated to correct variations of the 
ink drop jetting characteristics of the respective record- 
ing heads. 

[0006] The present invention is provided in view of the 
above circumstance and it is therefore an object of the 
present invention is to provide an actuator unit using a 
suitable drive signal selected flexibly even if the actuator 
unit has inherent variations of characteristics thereof. 
[0007] Another object of the present invention is to 
provide an Inkjet recording apparatus incorporating the 
actuator, the yield of which can be improved. 
[0008] In order to achieve the above objects, there is 
provided an ink jet recording apparatus comprising: 

a recording head including a piezoelectric actuator 
for varying the volume of a pressure generating 
chamber by the deformation thereof to eject an ink 
drop from a nozzle communicating with the pres- 
sure generating chamber; 

a drive signal generator for generating a drive signal 
including: 

an expansion potential for deforming the piezo- 
electric actuator so as to expand the pressure 
generating chamber, 
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a contraction potential for deforming the piezo- 
electric actuator so as to contract the pressure 
generating chamber; 

an ejection element for varying a potential of 
5 the drive signal from the expansion potential to 

the contraction potential to eject the ink drop 
from the nozzle; and 

a contraction holding element for holding the 
contraction potential to keep the contracted 
10 state of the pressure generating chamber, 

an ejection period information storage for storing a 
plurality values of a duration of the ejection element; 
and 

15 a contraction holding period information storage for 
storing a plurality values of a duration of the con- 
traction holding element, 

wherein the drive signal generator selects one du- 
ration of the ejection element and one duration of 

20 the contraction holding element respectively from 
the ejection period information storage and the con- 
traction holding information storage such that the 
duration of the ejection element is matched with a 
natural period of the piezoelectric actuator, and a 

25 resulting value by adding the duration of the ejection 
element and the duration of the contraction holding 
element is matched with a natural period of the 
pressure generating chamber. 

30 [0009] Preferably, the apparatus further comprises: 

an ejection period identifier storage for storing ejec- 
tion period identifiers each of which is associated 
with the respective values stored in the ejection pe- 

35 riod information storage; and 

a contraction holding period identifier storage for 
storing contraction holding period identifiers each 
of which is associated with the respective values 
stored in the contraction holding period information 

40 storage. 

[0010] Here, the drive signal generator refers to the 
ejection period identifier and the contraction holding pe- 
riod identifier to determine the application periods of the 

45 ejection element and the contraction holding element. 
[0011] Preferably, the drive signal includes a variable 
intermediate potential which is between the expansion 
potential and the contraction potential, and a damping 
element for varying the potential of the drive signal from 

50 the contraction potential to the intermediate potential for 
restoring the contracted pressure generating chamber 
to an initial state. The drive signal generator determines 
a duration of the damping element so as to match with 
the natural period of the piezoelectric actuator. 

55 [0012] Preferably, the apparatus further comprises: 
intermediate potential information storage means 
for storing a plurality values of the intermediate poten- 
tial. 
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[0013] Here, the drive signal generator selects one 
potential value from the intermediate potential informa- 
tion storage means in accordance with jetting amount 
of the ink drop. 

[0014] Preferably, the apparatus further comprises: 

an intermediate potential identifier storage for 
storing intermediate potential identifiers each of which 
is associated with the respective values stored in the 
intermediate potential information storage. 
[0015] Here, the drive signal generator refers to the 
intermediate potential identifier to determine the value 
of the intermediate potential. 

[0016] Preferably, the drive signal is so arranged as 
to eject a plurality of ink drops having the same weight 
successively within the same driving period. 
[0017] Preferably, the respective potentials and the 
respective elements in the drive signal is programmably 
defined. 

[0018] According to the present invention, there is al- 
so provided an ink jet recording apparatus comprising: 

a recording head including a piezoelectric actuator 
for varying the volume of a pressure generating 
chamber by the delormation thereof to eject an ink 
drop from a nozzle communicating with the pres- 
sure generating chamber; and 
a drive signal generator for generating a drive signal 

including: 

an expansion potential for deforming the piezo- 
electric actuator so as to expand the pressure 
generating chamber, 

a contraction potential for deforming the piezo- 
electric actuator so as to contract the pressure 
generating chamber; 

an intermediate potential which is between the 
expansion potential and the contraction poten- 
tial; 

an ejection element for varying a potential of 
the drive signal from the expansion potential to 
the contraction potential to eject the ink drop 
from the nozzle; 

a contraction holding element for holding the 
contraction potential to keep the contracted 
state of the pressure generating chamber; and 
a damping element for varying the potential of 
the drive signal from the contraction potential 
to the intermediate potential for restoring the 
contracted pressure generating chamber to an 
initial state; and 

a characteristic information storage for storing char- 
acteristic information of the recording head which is 
referred by the drive signal generator and reflected 
to at least one of the expansion potential, the con- 
traction potential, the intermediate potential, the 
ejection element, the contraction holding element 
and the damping element to generate the drive sig- 



nal. 

[0019] Preferably, the characteristic information in- 
cludes at least one of a natural period of the piezoelec- 
5 trie actuator, a natural period of the pressure generating 
chamber and a natural period of meniscus of ink in the 
nozzle. 

[0020] Preferably, the respective potentials and the 
respective elements in the drive signal is programmably 
10 defined 

[0021] According to the present invention, there is al- 
so provided an actuator device comprising: 

an actuator; 

is a drive signal generator for generating a drive signal 
driving the actuator and including a programmable 
waveform element; and 

a characteristic information storage for storing char- 
acteristic information of the actuator which is re- 
20 f erred by the drive signal generator and reflected to 
the waveform element to generate the drive signal. 

[0022] Preferably, the drive signal is composed of a 
plurality of waveform elements, and the characteristic 
25 information is reflected to at least one of the waveform 
elements. 

[0023] Preferably, the characteristic information in- 
cludes a natural period of contituent elements of the ac- 
tuator device. 

30 [0024] Preferably, the characteristic information in- 
cludes a natural period of contituent elements of the ac- 
tuator. 

[0025] Preferably, the characteristic information in- 
cludes a natural period of the actuator. 

35 [0026] According to the present invention, there is al- 
so provided a recording medium for storing a program 
for driving the actuator device as described above, 
which is executed by a computer system including at 
least one computer. 

40 [0027] According to the present invention, there is al- 
so provided a recording medium for storing a program 
for driving the ink jet recording apparatus as described 
above, which is executed by a computer system includ- 
ing at least one computer. 

45 [0028] Embodiments of the present invention will now 
be described by way of further example only and with 
reference to the accompanying drawings, in which:- 

Fig. 1 A is a block diagram showing the configuration 
50 of an ink jet printer; 

Fig. 1B is a block diagram of the drive signal gen- 
erator of Fig. 1 A; 

Fig. 2 is a perspective view showing the internal 
mechanism of the ink jet printer; 
55 Fig. 3 is a sectional view showing the structure of a 
recording head; 

Fig. 4 is a diagram showing an equivalent circuit of 
a vibration system of the recording head; 
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Fig. 5A is a diagram showing an equivalent circuit 
of a piezoelectric actuator system; 
Fig. 5B is a diagram showing an equivalent circuit 
concerning ink in a cavity; 

Fig. 5C is a diagram showing an equivalent circuit s 
concerning a meniscus on a nozzle orifice; 
Fig. 6 is a block diagram showing the electric con- 
figuration of the recording head; 
Fig. 7 is a diagram showing signals for driving the 
recording head; 10 
Fig. 8 is a diagram showing a detailed waveform of 
the drive signal shown in Fig. 7; 
Fig. 9A is a table describing relationship between 
ID numbers and application periods of the ejection 
element of the drive signal shown in Fig. 7; and is 
Fig. 9B is a table describing relationship between 
ID numbers and application periods of the second 
holding element of the drive signal shown in Fig. 7. 

[0029] Referring now to the accompanying drawings, 20 
there is shown an embodiment of the invention by taking 
an ink jet printer (simply, printer) of a representative ink 
jet recording apparatus as an example. As shown in Fig. 
1 A, the printer is roughly made up of a printer controller 
1 and a print engine 2. 25 
[0030] The printer controller 1 comprises an external 
interface 3 (external l/F 3), RAM (random access mem- 
ory) 4 for temporarily storing various pieces of data, con- 
trol ROM (read-only memory) 5 for storing a control pro- 
gram, etc., a control section 6 containing a CPU (central 30 
processing unit), etc., an oscillator 7 for generating a 
clock signal, a drive signal generating section 9 for gen- 
erating a drive signal (COM) supplied to a recording 
head 8, and an internal interface 10 (internal l/F 10) for 
transmitting the drive signal and dot pattern data (bit 
map data) expanded based on print data and the like to 
the print engine 2. 

[0031] The external l/F 3 receives print data made up 
of character code, a graphic function, image data, etc., 
for example, from a host computer (not shown), etc. A 
busy signal (BUSY) and an acknowledge signal (ACK) 
are output through the external l/F 3 to the host compu- 
ter, etc. 

[0032] The RAM 4 functions as a reception buffer 4A, 
an intermediate buffer 4B, an output buffer 4C, and work 
memory (not shown). The reception buffer 4A temporar- 
ily stores the print data received through the external I/ 
F 3, the intermediate buffer 4B stores intermediate code 
data provided by the control section 6, and the output 
buffer 4C stores dot pattern data. The dot pattern data 
is print data provided by decoding (translating) grada- 
tion data. 

[0033] The control ROM 5 stores font data, graphic 
functions, etc., in addition to the control program (control 
routine) for performing various types of data processing. 
[0034] The control section 6 performs various types 
of control. In addition, it reads the print data in the re- 
ception buffer 4A and stores the intermediate code data 



provided by converting the print data in the intermediate 
buffer 4B. Also, the control section 6 analyzes the inter- 
mediate code data read from the intermediate buffer 4B, 
references the font data, graphic function, etc., stored 
in the control ROM 5 S and expands the intermediate 
code data into dot pattern data. After performing neces- 
sary decoration processing, the control section 6 stores 
the dot pattern data in the output buffer 4C. 
[0035] If one line of the dot pattern data that can be 
recorded by one main scanning of the recording head 8 
is provided, it is output from the output buffer 4C th rough 
the internal l/F 10 to the recording head 8 in sequence. 
When one line of the dot pattern data is output from the 
output buffer, the already expanded intermediate code 
data is erased from the intermediate buffer and the next 
intermediate code data is expanded. 
[0036] The drive signal generator 9 comprises ROM 

11 storing waveform pattern information forming drive 
signals and the like, EEPROM 1 2 storing the ID number 
(described later) set for each recording head 8, and a 
drive signal generating section 1 3 for making a refer- 
ence to the waveform pattern information stored in the 
ROM 1 1 based on the ID number stored in the EEPROM 

12 and generating a sequence of drive signals fitted to 
the recording head, as shown in Fig. 1 B. 

[0037] For example, as shown in Fig. 8, the drive sig- 
nal (COM) generated by the drive signal generating sec- 
tion 13 is a signal comprising three pulse signals 21 
(21 A, 21 B : and 21 C) connected in series each consist- 
ing of an expansion element 16 for increasing potential 
at a constant voltage gradient from intermediate poten- 
tial Vm to expansion potential VPS, a first holding ele- 
ment 17 for holding the expansion potential VPS, an 
ejection element 18 for decreasing potential at a con- 
stant voltage gradient from the expansion potential VPS 
to contraction potential VLS, a second holding element 
(contraction holding element) 1 9 for holding the contrac- 
tion potential VLS, and a damping element 20 for in- 
creasing potential at a constant voltage gradient from 
the contraction potential VLS to the intermediate poten- 
tial Vm. 

[0038] The ROM 1 1 functions as ejection period infor- 
mation storage means, contraction holding period infor- 
mation storage means, damping period information 
storage means, damping voltage information storage 
means, and drive voltage information storage means in 
the present invention, and stores information of param- 
eters consisting of duration of the ejection element 18, 
pwdl (ejection period information), duration of the sec- 
ond holding element 19, pwh2 (contraction holding pe- 
riod information), duration of the damping element 20, 
pwc2 (damping period information), potential difference 
between the contraction potential VLS and the interme- 
diate potential Vm, VcN (damping voltage information), 
and drive voltage VHN (drive voltage information). Fur- 
ther, the information of each parameter consists of in- 
formation of a plurality of types of application periods 
and potential differences and the numerical information 
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pieces are retained in a one-to-one correspondence 
with ID numbers, namely, in a state in which one infor- 
mation piece is assigned one ID number. 
[0039] The EEPROM 12 functions as ejection period 
identifier storage means, contraction holding period s 
identifier storage means, damping period identifier stor- 
age means, damping voltage identifier storage means, 
and drive voltage identifier storage means in the present 
invention, and stores setup values of the ID number for 
the ejection element 18 (ejection period identifier), the 10 
ID number for the second holding element 19 (contrac- 
tion holding period identifier), the ID number for the 
damping element 20 (damping period identifier); the ID 
number for the potential difference VcN (damping volt- 
age identifier), and the ID number for the drive voltage is 
VHN (drive voltage identifier) for each recording head 8. 
[0040] The drive signal generating section 13 func- 
tions as drive signal generator in the present invention 
and makes a reference to the ID numberforthe ejection 
element 18, the ID number for the second holding ele- 20 
ment 1 9, etc., stored in the EEPROM 11 and generates 
the drive signals specified on the ID numbers. 
[0041] The information stored in the ROM 11 and the 
EEPROM 12 and the drive signals will be discussed lat- 
er in detail. 25 
[0042] The print engine 2 comprises a paper feed 
mechanism 23, a carriage mechanism 24, and the 
above-mentioned recording head 8. 
[0043] As shown in Fig. 2, the paper feed mechanism 
23 is made up of a paper feed motor 25, a paper feed 30 
roller 26, etc., and feeds record paper (a kind of record 
medium) 27 in sequence in association with the record 
operation of the recording head 8. That is, the paper 
feed mechanism 23 moves the record paper 27 in the 
record paper feed direction, which is a subscanning di- 35 
rection. 

[0044] The carriage mechanism 24 comprises a car- 
riage 31 on which the recording head 8 and an ink car- 
tridge 29 can be mounted, the carriage 31 being at- 
tached to a guide member 30 movably, a timing belt 34 40 
placed on a drive pulley 32 and a driven pulley 33 and 
connected to the carriage 31 , and a pulse motor 35 for 
rotating the drive pulley 32. 

[0045] In the carriage mechanism 24, the carriage 31 
is reciprocated along the width direction of the record 45 
paper 27 by the operation of the pulse motor 35. That 
is, the recording head 8 mounted on the carriage 31 is 
moved along the main scanning direction. 
[0046] Next, the recording head 8 will be discussed. 
To form the recording head 8 shown in Fig. 3, a piezo- so 
electric actuator 40 shaped like comb teeth is inserted 
into a chamber 39 of a case 38 shaped like a plastic box, 
for example, through one opening, a tip end 40a shaped 
like comb teeth is made to face an opposite opening, a 
channel unit 41 is joined to the surface (bottom face) of ss 
the case 38 on the opening side, and the tip end 40a is 
abutted against and fixed to a predetermined part of the 
channel unit 41. 
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[0047] The piezoelectric actuator 40 comprises a 
plate-like vibration plate comprising an alternating pat- 
tern of common internal electrodes 43 and discrete in- 
ternal electrodes 44 deposited on each other with a pi- 
ezoelectric body 42 in between, the vibration plate being 
cut like comb teeth corresponding to the dot formation 
density. The base end side portion is joined to a fixation 
substrate 45 so as to become a cantilever stage and the 
fixation substrate 45 is joined to a wall of the storage 
chamber 44. A potential difference is given between the 
common internal electrode 43 and the discrete internal 
electrode 44, whereby the free end portion of each pie- 
zoelectric actuator 40, namely, the portion projecting to 
the outside from the overlapping end with the fixation 
substrate 45 is expanded or contracted in the length di- 
rection of the actuator orthogonal to the deposition di- 
rection. 

[0048] The channel unit 41 comprises a nozzle plate 
48 and an elastic plate 49 deposited on both sides with 
a channel formation plate 47 between. 
[0049] The channel formation plate 47 is a plate mem- 
ber formed with a plurality of cavities (pressure gener- 
ating chambers) 51 communicating with a plurality of 
nozzle orifices 50 made in the nozzle plate 48 and par- 
titioned by diaphragms and an elongated common ink 
reservoir 53 with which a plurality of ink supply ports 52 
each communicating with at least one end of each cavity 
51 communicate. In the embodiment, the elongated 
common ink reservoir 53 is formed by etching a silicon 
wafer, the cavities 51 are formed matching the pitches 
of the nozzle orifices 50 along the length direction of the 
common ink reservoir 53, and the groove-like ink supply 
ports 52 are formed between the cavities 51 and the 
common ink reservoir 53. The ink supply port 52 is con- 
nected to one end of the cavity 51 and the nozzle orifice 
50 is positioned in the proximity of the end part on the 
opposite side to the ink supply port 52. The common ink 
reservoir 53 is a chamber for supplying ink stored in the 
ink cartridge 29 to the cavities 51 and an ink supply pas- 
sage 54 communicates almost at the center in the length 
direction. 

[0050] The elastic plate 49 is deposited on an oppo- 
site face of the channel formation plate 47 positioned on 
the opposite side to the nozzle plate 48 and is of a dou- 
ble structure comprising a polymer film "of PPS, etc., 
laminated as an elastic film 56 on a stainless plate 55. 
The stainless plate 55 of the portion corresponding to 
the cavity 51 is etched to form an island portion 57 for 
abutting and fixing the piezoelectric actuator 40. 
[0051] In the described recording head 8, the piezoe- 
lectric actuator 40 is expanded in the length direction of 
the actuator, whereby the island portion 57 is pressed 
against the nozzle plate 48, the elastic film 56 surround- 
ing the island portion 57 becomes deformed, and the 
cavity 51 is contracted. If the piezoelectric actuator 40 
is contracted in the length direction of the actuator, the 
cavity 51 is expanded due to elasticity of the elastic film 
56. Expansion and contraction of the cavity 51 are con- 
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trolled, whereby an ink drop is jetted through the nozzle 
orifice 50. 

[0052] A vibration system in the recording head 8 can 
be represented by an equivalent circuit shown in Fig. 4. 
Here, symbol M denotes inertance which is the mass of 
a medium per unit length [Ko/m 4 ], symbol Ma denotes 
inertance of the piezoelectric actuator 40, symbol Mn 
denotes inertance of the nozzle orifice 50, and symbol 
Ms denotes inertance of the ink supply port 52. Symbol 
R denotes resistance of the internal loss of a medium 
[N-s/m 5 ], symbol Rn denotes resistance in the nozzle 
orifice 50, and symbol Rs denotes resistance in the ink 
supply port 52. Symbol C denotes compliance of volume 
change per unit pressure [m 5 /N], symbol Cc denotes 
compliance of the cavity (pressure generating chamber) 
51 , symbol Ca denotes compliance of the piezoelectric 
actuator 40, and symbol Cn denotes compliance of the 
nozzle orifice 50. Symbol P denotes pressure generated 
with time by the piezoelectric actuator 40, in other 
words, equivalent pressure into which voltage pulses 
applied to the piezoelectric actuator 40 are converted. 
[0053] An equivalent circuit of the piezoelectric actu- 
ator system can be represented as in Fig. 5 A from which 
it is known that natural period Ta of the piezoelectric ac- 
tuator 40 can be calculated according to expression (1 ). 

Ta = 2%jMaCa (1) 

The natural period Ta calculated based on the expres- 
sion (1 ), namely, theoretical value is about 4 u.sec in the 
recording head 8 of the embodiment. 
[0054] Likewise, an equivalent circuit concerning ink 
in the cavity 51 can be represented as in Fig. 5B from 
which it is known that natural period Tc of the cavity 51 
can be calculated according to expression (2). 



Tc=2n \MpJ£cc 
*IMn+Ms 

The natural period Tc calculated based on the expres- 
sion (2), namely, theoretical value is about 8.5 \isec in 
the recording head 8 of the embodiment. 
[0055] Further, an equivalent circuit concerning a me- 
niscus of the nozzle orifice 50 can be represented as in 
Fig. 5C from which it is known that natural period Tm of 
the meniscus can be calculated according to expression 
(3). 

Tm - 2rJ(Mn + Ms)Cc (3) 

The meniscus mentioned here refers to a free surface 
of ink exposed on the nozzle orifice 50. 
[0056] In the recording head 8 of the embodiment, the 
relation of Ta < Tc < Tm holds and the natural period Tm 
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of the meniscus becomes about 1 0 times the natural pe- 
riod Tc of the cavity 51 . 

[0057] Next, the electric configuration of the recording 
head 8 and control for jetting ink drops will be discussed. 
5 [0058] As shown in Fig. 1 A, the recording head 8 com- 
prises a shift register 60, a latching circuit 61, a level 
shifter 62, a switching circuit 63, the above-described 
piezoelectric actuator 40, etc. Further, as shown in Fig. 
5, the shift register 60, the latching circuit 61, the level 
io shifter 62, the switching circuit 63, and the piezoelectric 
actuator 40 consist of shift register elements 60A to60N, 
latch elements 61 A to 61 N, level shifter elements 62A 
to 62N, switch elements 63A to 63N, and piezoelectric 
actuators 40A to 40N, respectively, provided in a one- 
rs to-one correspondence with the nozzle orifices 50 of the 
recording head 8. 

[0059] To jet ink drops through the recording head 8, 
as shown in Fig. 6, the control section 6 transmits print 
data (SI) in series from the output buffer 4C and sets the 

20 data in the shift register elements 60A to 60N in se- 
quence in synchronization with a clock signal (CK) from 
the oscillator 7. If the print data as much as all nozzle 
orifices 50 is set in the shift register elements 60 A to 
60N, the control section 6 outputs a latch signal (LAT) 

25 to the latching circuit 61 , namely, the latch elements 61 A 
to 61 N at a predetermined timing. According to the latch 
signal, the latch elements 61 A to 61 N latch the print 
data set in the shift register elements 60A to 60N. The 
latched print data is supplied to the level shifter 62, a 

30 voltage amplifier, namely, the level shifter elements 62A 
to 62N. 

[0060] For example, if the print data is "1 , ■ each level 
shifter element 62A-62N boosts the print data to a volt- 
age value at which the switching circuit 63 can be driven, 

35 for example, several ten volts. The boosted print data is 
applied to the switching circuit 63, namely, the switch 
element 63A-63N, which then enters a connection state 
as the print data is applied. For example, the print data 
is B 0," the corresponding level shifter element 62A-62N 

40 does not boost the print data. A drive signal (COM) from 
the drive signal generator 9 is applied to each switch 
element 63A-63N and when the switch element 63A- 
63N enters a connection state, the drive signal is sup- 
plied to the piezoelectric actuator 40A-40N connected 

45 to the switch element 63A-63N. 

[0061] Thus, the drive signal is supplied to the piezo- 
electric actuator 40 corresponding to the nozzle orifice 
50 with print data "1" set. Receiving the drive signal, the 
piezoelectric actuator 40 expands and contracts in the 

so length direction of the actuator for expanding and con- 
tracting the cavity 51 . As the cavity 51 is expanded and 
contracted, an ink drop is jetted through the nozzle ori- 
fice 50. 

[0062] On the other hand, the drive signal is not sup- 
55 plied to the piezoelectric actuator 40 corresponding to 
the nozzle orifice 50 with print data B 0" set, so that the 
volume of the cavity 51 is maintained in a steady state 
and an ink drop is not jetted. 
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[0063] Therefore, print data "1" is set for the nozzle 
orifice 50 for recording a dot and print data "0* is set for 
the nozzle orifice 50 for recording no dot, whereby 
whether or not an ink drop is to be jetted can be control- 
led for each nozzle orifice 50. 

[0064] Next, the above-mentioned drive signal will be 
discussed in detail. As shown in Figs. 7 and 8, the drive 
signal in the embodiment is a signal comprising a first 
pulse 21 A, a second pulse 21 B, and a third pulse 21 C 
connected in sequence. The first pulse 21 A, the second 
pulse 21 B, and the third pulse 21 C are applied to the 
piezoelectric actuator 40, whereby three ink drops of the 
same weight are jetted successively through the nozzle 
orifice 50, forming a normal dot on record paper 27. 
[0065] Since the first pulse 21 A, the second pulse 
21 B, and the third pulse 21 C are pulses of the same 
waveform, the first pulse 21 A will be discussed. 
[0066] The first pulse 21 A consists of an expansion 
element 1 6 for increasing potential at a constant voltage 
gradient from intermediate potential Vm to expansion 
potential VPS for expanding the cavity 51 (pressure 
generating chamber) in the normal state, a first holding 
element 17 for holding the expansion potential VPS for 
maintaining the expansion state of the cavity 51, an 
ejection element 18 for decreasing potential at a con- 
stant voltage gradient from the expansion potential VPS 
to contraction potential VLS for contracting the cavity 51 
in the expansion state, thereby jetting an ink drop, a sec- 
ond holding element (contraction holding element) 19 
for holding the contraction potential VLS for maintaining 
the contraction state of the cavity 51, and a damping 
element 20 for increasing potential at a constant voltage 
gradient from the contraction potential VLS to the inter- 
mediate potential Vm for expanding the cavity 51 main- 
tained in the contraction state by the second holding el- 
ement 19 and restoring the cavity to the normal state. 
[0067] When the expansion element 16 is applied to 
the piezoelectric actuator 40, the piezoelectric actuator 
40 in the normal state is contracted in the length direc- 
tion of the actuator for expanding the volume of the cav- 
ity 51 . When applying the expansion element 1 6 is com- 
plete and the first holding element 17 is applied to the 
piezoelectric actuator 40, the contraction state of the pi- 
ezoelectric actuator 40 is maintained the contraction 
state of the cavity 51 is also maintained accordingly. 
When applying the first holding element 17 is complete 
and the ejection element 18 is applied to the piezoelec- 
tric actuator 40, the piezoelectric actuator 40 in the con- 
traction state is expanded rapidly in the length direction 
of the actuator, contracting the volume of the cavity 51 . 
As the volume of the cavity 51 is contracted, ink pres- 
sure in the cavity 51 rises rapidly and an ink drop is jetted 
through the nozzle orifice 50. When the damping ele- 
ment 20 is applied after applying the ejection element 
18 is complete and the second holding element 19 is 
applied, the piezoelectric actuator 40 in the expansion 
state is contracted in the length direction of the actuator 
and becomes the length in the normal state, whereby 



the cavity 51 in the contraction state is expanded and 
restored to the normal state. As the cavity 51 is expand- 
ed and restored to the normal state, the ink pressure in 
the cavity 51 is decompressed and vibration of a menis- 
5 cus attempting to vibrate largely as the ejection element 
8 is applied is reduced. 

[0068] In the embodiment, the value resulting from 
adding the duration of the ejection element 18, pwdl,. 
and the duration of the second holding element 19, 

10 pwh2, is matched with the natural period Tc of the cavity 
(pressure generating chamber) 51. 
[0069] Both the duration of the ejection element 18, 
pwdl, and the duration of the damping element 20, 
pwc2, are matched with the natural period Ta of the pi- 

15 ezoelectric actuator 40. 

[0070] The reason why the value resulting from add- 
ing the duration of the ejection element 18, pwdl, and 
the duration of the second holding element 19, pwh2, is 
matched with the natural period Tc is as follows: 

20 [0071] The piezoelectric actuator 40 contracted by 
applying the expansion element 16 and the first holding 
element 17 is expanded by applying the ejection ele- 
ment 18. As the piezoelectric actuator 40 is expanded, 
the cavity 51 in the expansion state is contracted rapidly 

2S and the meniscus largely vibrates accordingly At this 
time, the vibration of the meniscus is largely affected by 
the contraction of the cavity 51 and thus the vibration 
cycle of the meniscus becomes the natural period of the 
cavity 51 , Tc. 

30 [0072] As the application of the ejection element 1 8 is 
started, large vibration based on the natural period Tc is 
started and the meniscus pulled into the cavity 51 by 
applying the expansion element 16 and the first holding 
element 17 moves toward the ink jet direction. The move 

35 direction of the meniscus vibrated on the natural period 
Tc is inverted after the expiration of time (Tc/2) since the 
move start of the meniscus in the ink jet direction, and 
the meniscus moves in the pull-in direction. Then, after 
the expiration of time Tc, the move direction of the me- 

40 niscus is again inverted and the meniscus attempts to 
move in the ink jet direction. 

[0073] Since the value resulting from adding the du- 
ration of the ejection element 1 8, pwdl , and the duration 
of the second holding element 1 9, pwh2, is matched with 

45 the natural period Tc, the damping element 20 is applied 
after the expiration of the time Tc since the application 
start of the ejection element 1 8. As the damping element 
20 is applied, the piezoelectric actuator 40 is contracted 
and the cavity 51 is expanded, so that the pressure in 

so the cavity 51 becomes negative, reducing the move 
force of the meniscus attempting to move in the ink jet 
direction. Therefore, the vibration of the meniscus is 
suppressed. 

[0074] Thus, the value resulting from adding the du- 
55 ration of the ejection element 1 8, pwdl , and the duration 
of the second holding element 1 9, pwh2, is matched with 
the natural period Tc, whereby the vibration of the me- 
niscus can be suppressed effectively. 
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[0075] Next, the reason why the duration of the ejec- 
tion element 18, pwdl , and the duration ol the damping 
element 20, pwc2, are matched with the natural period 
of the piezoelectric actuator 40, Ta, is as follows: 
[0076] First, if the duration pwdl and the duration 
pwc2 are made shorterthan the natural periodTa, a phe- 
nomenon occurs in which expansion and contraction of 
the piezoelectric actuator 40 do not catch up with volt- 
age change of the ejection element 18 and the damping 
element 20. That is, expansion and contraction of the 
piezoelectric actuator 40 do not follow voltage change 
of the ejection element 18 and the damping element 20. 
Thus, expansion and contraction of the piezoelectric ac- 
tuator 40 become unstable and it becomes difficult to 
control expansion and contraction of the cavity 51 . Re- 
suitantly, jetting an ink drop becomes unstable. 
[0077] On the other hand, if the duration pwdl is set 
longer than the natural period Ta, the ink drop jetting 
speed lowers or the ink drop amount becomes smaller 
than the normal amount. As the ink drop jetting speed 
lowers, the ink drop hit position shifts from the normal 
position, resulting in degradation of the quality of a 
record image. If the ink drop amount becomes smaller 
than the normal amount, degradation of the quality of a 
record image also results. 

[0078] If the duration pwc2 is set longer than the nat- 
ural period Ta, the expansion speed of the cavity 51 be- 
comes low and the effect of damping weakens. Further, 
the time required for pulse signal is also prolonged and 
thus the time required for forming one dot is also pro- 
longed, resulting in lowering of the record speed. 
[0079] Thus, the duration pwdl and the duration pwc2 
are matched with the natural period Ta, whereby expan- 
sion and contraction of the piezoelectric actuator 40 can 
be controlled reliably, so that necessary ink drop jetting 
speed can be provided and the record speed can be 
maintained high. 

[0080] By the way, the piezoelectric actuator 40, the 
channel unit 41 , and the like are minute parts in mm units 
and are micromachined in mm units, thus characteristic 
variations occur from one recording head 8 to another. 
[0081] For example, the length of the free end portion 
of the piezoelectric actuator 40 projecting from the over- 
lapping end with the fixation substrate 45 varies from 
one recording head 8 to another because of an extreme- 
ly small position shift at the joining time, causing the nat- 
ural period Ta to differ. The natural period Tc varies from 
one recording head 8 to another because of dimension 
tolerances of the cavity 51 based on work accuracy or 
the like. 

[0082] In the embodiment, such variations from one 
recording head 8 to another are corrected by changing 
the drive voltage VHN (potential difference between ex- 
pansion potential VPS and contraction potential VLS), 
the duration of the ejection element 18, pwdl, the dura- 
tion of the second holding element 1 9, pwh2, the dura- 
tion of the damping element 20, pwc2, the potential dif- 
ference between the contraction potential VLS and the 
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intermediate potential Vm, VcN, in the drive waveform. 
[0083] The variation correction will be discussed. 
[0084] Figs. 9A and 9B are tables describing a part of 
the waveform pattern information stored in the ROM 11 

5 of the drive signal generator 9; Fig. 9A is a table describ- 
ing the duration of the ejection element 18, pwdl (ejec- 
tion period information), and ID number (ejection period 
identifier) corresponding thereto and Fig. 9B is a table 
describing the duration of the second holding element 

io 19, pwh2 (contraction holding period information), and 
ID number (contraction holding period identifier) corre- 
sponding thereto. 

[0085] First, correction of the duration of the ejection 
element 18, pwdl , and the duration of the second hold- 
is ing element 19, pwh2, will be discussed with reference 
to Figs. 9A and 9B. 

[0086] In the embodiment, the duration of the ejection 
element 18, pwdl , can be set in 0.1 -us steps from 3.5 
(is to 4.5 us. ID number 0 is assigned to 4 \jls (theoretical 
20 value) and ID number 1 is assigned to the shortest ap- 
plication period, 3.1 us. After this, the ID numbers are 
assigned in the ascending order of the application peri- 
od; ID number B is assigned to the longest application 
period, 4.5 us. 

25 [0087] Likewise, the duration of the second holding el- 
ement 19, pwh2, can be set in 0.2-us steps from 3.1 us 
to 6.1 us. ID number 0 is assigned to 4.5 us (theoretical 
value) and ID number 1 is assigned to the shortest ap- 
plication period, 3.1 us. After this, the ID numbers are 

30 assigned in the ascending order of the application peri- 
od; ID number 10 is assigned to the longest application 
period, 6.1 us. 

[0088] As described above, in the embodiment, the 
value resulting from adding the duration of the ejection 

35 element 18, pwdl , and the duration of the second hold- 
ing element 1 9, pwh2, is matched with the natural period 
Tc of the cavity 51 , and further the duration of the ejec- 
tion element 18, pwdl, is matched with the natural pe- 
riod Ta of the piezoelectric actuator 40. The theoretical 

40 value of the natural period Tc is 8.5 (is and that of the 
natural period Ta is 4 us. 

[0089] Therefore, for the recording head 8 with the 
measured natural period Ta and the measured natural 
period Tc as the theoretical values, the ID numbers cor- 

45 responding to the first holding element 17 and the sec- 
ond holding element 1 9 are both set to 0 and are stored 
in the EE PROM 12 (ejection period identifier storage 
means and contraction holding period identifier storage 
means) of the drive signal generator 9. The drive signal 

50 generating section 1 3 (drive signal generator) makes a 
reference to the ID numbers stored in the EEPROM 12, 
sets the duration of the ejection element 1 8, pwdl , to 4 
us and the duration of the second holding element 19, 
pwh2, to 4.5 us, and generates a drive signal (COM) 

55 with the addition value of the duration pwdl and the du- 
ration pwh2 set to the theoretical value of the natural 
period Tc, 8.5 us. 

[0090] The natural period Ta is measured by using a 



EP 1 023 997 A2 



8 

BNSDOCID- <EP 1 023997 A2 J _> 



I 



15 



EP 1 023 997 A2 



16 



laser displacement gauge to observe the vibration state 
of the piezoelectric actuator 40. It can also be measured 
by measuring a counter electromotive force occurring 
when voltage is applied to the piezoelectric actuator 40. 
The natural period Tc is measured by adding an input 
signal formed like a sine wave to the piezoelectric actu- 
ator 40 and observing the behavior of a meniscus on a 
nozzle orifice 50 at the time with a strobe scope for emit- 
ting light in synchronization with input. That is, the nat- 
ural period Tc is measured by applying an input signal 
while changing frequency and checking that an ink me- 
niscus vibrates largely with respect to a specific frequen- 
cy. It can also be measured by observing the residual 
vibration of an ink meniscus after ink is jetted by normal 
drive. 

[0091] On the other hand, if the measured natural pe- 
riod Ta is 4.2 jxs shifting from the theoretical value and 
the measured natural period Tc is 8.5 \is exactly as the 
theoretical value, the ID number corresponding to the 
ejection element 18 is set to 8. The ID number of the 
second holding element 1 9 is set to 7 corresponding to 
the time 4.3 resulting from subtracting the measurement 
value of the natural period Ta, 4.2 jos, from the meas- 
urement value of the natural period Tc, 8.5 ^is. The ID 
numbers are stored in the EEPROM 12 of the drive sig- 
nal generator 9. 

[0092] The drive signal generating section 1 3 makes 
a reference to the ID numbers stored in the EEPROM 
12 and generates a drive signal with the duration of the 
ejection element 1 8, pwdl , to 4.2 u.s and the duration of 
the second holding element 19, pwh2, to 4.3 u,s. 
[0093] Further, for the recording head 8 with the 
measured natural period Ta being 3.5 u.s shifting largely 
from the theoretical value and the measured natural pe- 
riod Tc being also 9.5 ps shifting from the theoretical val- 
ue, the ID number corresponding to the ejection element 
18 is set to 1 and the ID number of the second holding 
element 19 is set to 10, whereby the drive signal of the 
optimum waveform can be supplied to the recording 
head 8. 

[0094] Although there has been shown an example 
wherein the measured natural periods Ta and Tc are 
within a range shown in Figs. 9Aand 9B (namely, pwdl 
= 3.5 - 4.5us; and pwh2 = 3.1 - 6.1 us), it is naturally 
possible to attain the present invention by suitably ad- 
justing the tables shown Figs. 9A and 9B even if the nat- 
ural period value is out of the above range. 
[0095] Thus, the addition value of the duration pwdl 
and the duration pwh2 is matched with the natural period 
Tc of the cavity 51 , whereby if the natural period Tc var- 
ies from one recording head 8 to another, an optimum 
drive signal for the natural period Tc can be given and 
vibration of a meniscus can be suppressed effectively. 
Further, the duration pwdl is corrected matching the 
natural period Ta of the piezoelectric actuator 40, where- 
by if the natural period Ta varies, expansion and con- 
traction of the piezoelectric actuator 40 can be control- 
led reliably. 



[0096] Therefore, recording heads 8 formerly handled 
as defective items can be mounted as good items, the 
yields of the recording heads 8 can be furthermore en- 
hanced, and reduction in costs of the recording head 8, 

s and by extension of a printer can be accomplished. 
[0097] Setting of the duration of the ejection element 
18, pwdl, and the duration of the second holding ele- 
ment 19, pwh2, has been described, but a correction 
can also be made to other parameters, namely, the drive 

10 voltage VHN, the duration of the damping element 20, 
pwc2, and the potential difference between the contrac- 
tion potential and the intermediate potential, VcN, in the 
drive waveform in a similar manner. 
[0098] For example, for the duration of the damping 

is element 20, pwc2, like the duration of the ejection ele- 
ment 18, pwdl, the ID number (damping period identi- 
fier) is set and the duration pwc2 is matched with the 
natural period Ta of the piezoelectric actuator 40. The 
duration of the damping element 20, pwc2, is matched 

20 with the natural period Ta, whereby if the natural period 
Ta varies from one recording head 8 to another, expan- 
sion and contraction of the piezoelectric actuator 40 can 
be controlled reliably at the damping period of a menis- 
cus. Thus, the allowable range of the recording heads 

25 8 that can be mounted on products as good items can 
be widened and the yields of the recording heads 8 can 
be furthermore enhanced. 

[0099] For the drive voltage VHN, a drive signal (first 
pulse 21 A, second pulse 21 B, and third pulse 21 C) is 

30 applied to the piezoelectric actuator 40 while the drive 
voltage is changed at reference temperature (for exam- 
ple, 25°C), and the weight of the ink drop jetted by ap- 
plying the drive signal is measured. The voltage value 
at which the measured inkdrop amount matches the ref- 

35 erence ink drop amount (for example, 40 ng) is set ac- 
cording to ID number (drive voltage identifier). 
[0100] Since the drive voltage VHN can be thus 
changed, the inkdrop amounts varying from one record- 
ing head 8 to another can be made constant. 

40 [0101] In the embodiment, the potential difference be- 
tween the contraction potential and the intermediate po- 
tential, VcN, is based on the drive voltage VHN, namely, 
the voltage value of a predetermined percentage of the 
drive voltage VHN is adopted as the potential difference 

45 VcN. Therefore, informatbn of the potential difference 
VcN (damping voltage information) is a percentage to 
the drive voltage VHN. For example, the theoretical val- 
ue is set to 25% of the drive voltage (namely, VcN =25) 
and ID number 0 is assigned to the value 25. The per- 

so centages to the drive voltage VHN are stored in the 
ROM 11 in 1 % steps so that they can be changed in the 
range of 1 5% to 50%, and different I D numbers are as- 
signed corresponding to the percentages. 
[0102] An ink drop is jetted while the potential differ- 

55 ence VcN is changed, and the residual vibration of a ink 
meniscus after ink is jetted is observed, whereby the 
damping state of the meniscus is observed. The ID 
number of the potential difference VcN providing the 
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highest damping effect (damping voltage identifier) is 
stored in the EEPROM 12. 

[01 03] If the potential difference between the contrac- 
tion potential and the intermediate potential, VcN (po- 
tential difference between the potential at the start of ap- 
plication of the damping element 20 and the potential at 
the end of application thereof), can be thus changed in 
response to attenuation of the vibration of a meniscus, 
the expansion degree of the cavity 51 as the damping 
element 20 is applied can be adjusted. That is, the po- 
tential difference VcN is made larger than the reference 
potential difference VcN, whereby the expansion de- 
gree of the cavity 51 can be made larger than the refer- 
ence expansion rate; if the potential difference VcN is 
made smaller than the reference potential difference 
VcN, the expansion degree of the cavity 51 can be made 
smaller than the reference expansion rate. 
[01 04] Therefore, for the recording head 8 with a me- 
niscus vibrating more largely than a meniscus in the ref- 
erence recording head 8 just after an ink drop is jetted, 
the potential difference VcN is set larger than the refer- 
ence potential difference VcN for increasing the expan- 
sion rate of the cavity 51 ; whereas, for the recording 
head 8 with smaller vibration of a meniscus than that in 
the reference recording head 8, the potential difference 
VcN is set smaller than the reference potential differ- 
ence VcN for decreasing the expansion rate of the cavity 
51 , whereby the meniscus vibration state in one record- 
ing head 8 can be matched wfth that in another. 
[0105] Thus, even for the recording head 8 having a 
characteristic such that a meniscus largely vibrates just 
after an ink drop is jetted, the meniscus vibration can be 
suppressed in a short time. Therefore, even such a re- 
cording head 8 can be caused to stably perform the jet 
operation based on the next drive pulse (for example, 
the second pulse 21 B), and the allowable range of the 
recording heads 8 that can be mounted on products as 
good items can be further widened. 
[0106] Thus, the printer of the embodiment is config- 
ured so that the parameters of the drive voltage VHN, 
the duration of the ejection element 1 8, pwdl , the dura- 
tion of the second holding element 1 9, pwh2 : the dura- 
tion of the damping element 20, pwc2, and the potential 
difference between the contraction potential and the in- 
termediate potential, VcN, can be changed for the drive 
signal (COM) applied to the recording head 8, so that 
the ink drop jetting characteristic varying from one re- 
cording head 8 to another can be corrected and can be 
made constant. 

[0107] Since the duration of the ejection element 18, 
pwdl, the duration of the second holding element 19, 
pwh2, the duration of the damping element 20, pwc2, 
and the potential difference between the contraction po- 
tential and the intermediate potential, VcN, can also be 
changed, the recording heads 8 handled as defective 
items in the correction of changing only the drive voltage 
VHN in the related art can also be mounted on products 
as good items and the yields of the recording heads 8 



can be furthermore enhanced. 

[0108] Accordingly, not only the recording head 8 but 
also the printer can be manufactured with low cost. 
[0109] Further, in the embodiment, forthe parameters 

5 of the drive voltage VHN, the duration of the ejection 
element 18, pwdl, the duration of the second holding 
element 1 9, pwh2, the duration of the damping element 
20, pwc2, and the potential difference between the con- 
traction potential and the intermediate potential, VcN, a 

io plurality of values (information pieces) are stored in the 
ROM 11 in a one-toone correspondence with the ID 
numbers and based on the ID number of each recording 
head 8 set in the EEPROM 12, a value appropriate for 
the print head 8 is selected, so that the optimum drive 

1$ signal can be applied to the piezoelectric actuator 40 
simply by storing the ID number in the EEPROM 12 at 
the time of final adjustment before the shipment. Thus, 
correction work for each recording head 8 can be facil- 
itated. 

20 [0110] The drive signal described above may be gen- 
erated by the pulse width modulation method or the pro- 
grammable drive signal generating method as disclosed 
in Japanese Patent No. 2940542. Of course, the method 
to generate the drive signal is not limited the above. 

25 [0111] In the above embodiment, although the de- 
scription has been given with respect to the ink jet re- 
cording apparatus as the actuator device, the present 
invention is not limited to the embodiment. For example, 
a drive signal in which information of a natural period of 

30 an energy generating part constituting an actuator de- 
vice is reflected may be formed programmably, and the 
drive signal may be applied to the actuator device for 
preferable driving. Even an actuator which is originally 
out of standard according to the variation of the natural 

35 period can be made available by means of the drive sig- 
nal according to the present invention. Therefore, the 
available percentage of the actuator devices can be in- 
creased. 

[0112] As examples of an actuator device to which the 

40 present invention can be applied, a piezoelectric fan, a 
VTR head, an ultrasonic motor, an impact printer head, 
or the like. Detailed discussion is disclosed in The Ap- 
plication of Piezoelectric Ceramics" published by 
Gakukensha (1989) and is thus omitted herein. 

45 [0113] The present invention may cover a recording 
medium for storing a program for causing a computer 
system to generate such a drive signal including the 
waveform elements described above. 
[0114] Furthermore, if the respective waveform ele- 

50 ments are realized by a program such as an operation 
system running on a computer system, the present in- 
vention may also cover a recording medium for storing 
a program for causing a computer system to operate a 
program such as an operation system. 

55 [0115] In the embodiment, the piezoelectric actuator 
40 formed of the actuator like comb teeth in so-called 
vertical vibration mode comprising the piezoelectric 
body 42 and the internal electrodes 43 and 44 deposited 
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in the direction orthogonal to the expansion and contrac- 
tion direction of the actuator is taken as an example. 
However, the invention can also be applied to a piezo- 
electric actuator 40 in so-called deflection vibration 
mode comprising the piezoelectric body 42 and the in- 
ternal electrodes 43 and 44 deposited in the expansion 
and contraction direction of the actuator. 
[0116] As has been described heretofore, according 
to the present invention, even though the actuator de- 
vices are provided with characteristic variations, the 
drive signal for operating the actuator device can be flex- 
ibly set in accordance with the characteristic variation. 
Therefore, the actuator device can be always operated 
with an optimum drive signal. Further, the yields of the 
recording head can be improved. 
[0117] The above description, natural period means 
a period associated with an around dominant frequency 
of one of or various kind of components of the actuator, 
such as dominant frequency of piezoelectric actuator, 
and including around integer fractions or multiples (sub- 
harmonics or harmonics) thereof. 
[0118] The aforegoing description has been given by 
way of example only and it will be appreciated by a per- 
son skilled in the art that modifications can be made 
without departing from the scope of the present inven- 
tion. 



Claims 

1. An ink-jet recording apparatus comprising: 

a recording head (8) including a piezoelectric 
actuator (40) for varying the volume of a pres- 
sure generating chamber by the deformation 
thereof to eject an ink drop from a nozzle com- 
municating with the pressure generating cham- 
ber; 

a drive signal generator (9) for generating a 
drive signal including: 

an expansion potential (VPS) for deforming the 
piezoelectric actuator so as to expand the pres- 
sure generating chamber; 
a contraction potential (VLS) for deforming the 
piezoelectric actuator so as to contract the 
pressure generating chamber; 
an ejection element (1 8) for varying a potential 
of the drive signal from the expansion potential 
to the contraction potential to eject the ink drop 
from the nozzle; and 

a contraction holding element (19) for holding 
the contraction potential to keep the contracted 
state of the pressure generating chamber; 
an ejection period information storage (11) for 
storing a plurality values of a duration of the 
ejection element; and 

a contraction holding period information stor- 
age (1 1 ) for storing a plurality values of a dura- 
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tion of the contraction holding element, 
wherein the drive signal generator selects one 
duration of the ejection element and one dura- 
tion of the contraction holding element respec- 
tively from the ejection period information stor- 
age and the contraction holding information 
storage such that the duration of the ejection 
element is matched with a natural period of the 
piezoelectric actuator, and a resulting value by 
adding the duration of the ejection element and 
the duration of the contraction holding element 
is matched with a natural period of the pressure 
generating chamber. 

The ink jet recording apparatus as set forth in claim 
1 , further comprising: 

an ejection period identifier storage for storing 
ejection period identifiers each of which is as- 
sociated with the respective values stored in 
the ejection period information storage; and 
a contradiction holding period identifier storage 
for storing contraction holding period identifiers 
each of which is associated with the respective 
values stored in the contraction holding period 
information storage, 

wherein the drive signal generator refers to the 
ejection period identifier and the contraction 
holding period identifier to determine the appli- 
cation periods of the ejection element and the 
contraction holding element. 

The ink jet recording apparatus as set forth in claim 
1 , wherein the drive signal includes a variable inter- 
mediate potential which is between the expansion 
potential and the contraction potential, and a damp- 
ing element for varying the potential of the drive sig- 
nal from the contraction potential to the intermedi- 
ate potential for restoring the contracted pressure 
generating chamber to an initial state, and 

wherein the drive signal generator determines 
a duration of the damping element so as to match 
with the natural period of the piezoelectric actuator. 

The ink jet recording apparatus as set forth in claim 

3, further comprising: 

an intermediate potential information storage 
for storing a plurality values of the intermediate 
potential, 

wherein the drive signal generator selects one 
potential value from the intermediate potential 
information storage in accordance with jetting 
amount of the ink drop. 

The ink jet recording apparatus as set forth in claim 

4, further comprising: 
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an intermediate potential identifier storage for 
storing intermediate potential identifiers each 
of which is associated with the respective val- 
ues stored in the intermediate potential infor- 
mation storage, 

wherein the drive signal generator refers to the 
intermediate potential identifier to determine 
the value of the intermediate potential. 

6. The ink jet recording apparatus as set forth in claim 
1 , wherein the drive signal is so arranged as to eject 
a plurality of ink drops having the same weight suc- 
cessively within the same driving period. 

7. An ink jet recording apparatus comprising: 

a recording head including a piezoelectric ac- 
tuator for varying the volume of a pressure gen- 
erating chamber by the deformation thereof to 
eject an ink drop from a nozzle communicating 
with the pressure generating chamber; and 
a drive signal generator for generating a drive 
signal including: 

an expansion potential for deforming the 
piezoelectric actuator so as to expand the 
pressure generating chamber; 
a contraction potential for deforming the pi- 
ezoelectric actuator so as to contract the 
pressure generating chamber; 
an intermediate potential which is between 
the expansion potential and the contraction 
potential; 

an ejection element for varying a potential 
of the drive signal from the expansion po- 
tential to the contraction potential to eject 
the ink drop from the nozzle; 
a contraction holding element for holding 
the contraction potential to keep the con- 
tracted state of the pressure generating 
chamber; and 

a damping element for varying the potential 
of the drive signal from the contraction po- 
tential to the intermediate potential for re- 
storing the contracted pressure generating 
chamber to an initial state; and 

a characteristic information storage for storing 
characteristic information of the recording head 
which is referred by the drive signal generator 
and reflected to at least one of the expansion 
potential, the contraction potential, the interme- 
diate potential, the ejection element, the con- 
traction holding element and the damping ele- 
ment to generate the drive signal. 

8. The ink jet recording apparatus as set forth in claim 
7, wherein the characteristic information includes at 
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is 



20 



25 



least one of a natural period of the piezoelectric ac- 
tuator, a natural period of the pressure generating 
chamber and a natural period of meniscus of ink in 
the nozzle. 

9. The ink jet recording apparatus as set forth in any 
one ot claims 1 to 8, wherein the respective poten- 
tials and the respective elements in the drive signal 
is program mably defined. 

10. An actuator device comprising: 

an actuator; 

a drive signal generator for generating a drive 
signal driving the actuator and including a pro- 
grammable waveform element; and 
a characteristic information storage for storing 
characteristic information of the actuator which 
is referred by the drive signal generator and re- 
flected to the waveform element to generate the 
drive signal. 

1 1 . The actuator device as set forth in claim 1 0, wherein 
the drive signal is composed of a plurality of wave- 
form elements, and the characteristic information is 
reflected to at least one of the waveform elements. 



12. The actuator device as set forth in claim 10 or 11 , 
wherein the characteristic information includes a 

30 natural period of constituent elements of the actua- 
tor device. 

13. The actuator device as set forth in claim 10 or 11, 
wherein the characteristic information includes a 

35 natural period of constituent elements of the actua- 
tor. 

14. The actuator device as set forth in claim 10 or 11, 
wherein the characteristic information includes a 

40 natural period of the actuator. 



15. A recording medium for storing a program for driv- 
ing the actuator device as set forth in claim 10, 
which is executed by a computer system including 
at least one computer. 



45 



SO 



16. A recording medium for storing a program for driv- 
ing the ink jet recording apparatus as set forth in 
any one of claims 1 to 9, which is executed by a 
computer system including at least one computer. 
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